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ABSTRACT

In many areas of the continentalUnited
States, residential cooling load!;are equal
to or greater,than energy used for resi-
dential space heating. Offsetting part of
the coolfn load could yfeld considerable

!dollar savngs to the consumer as well as
total energy savings. The hysfcal perfor-
mrmces of three passive coo in

‘!
desfgns are

used to estfmate the dollar va ue of flrst-
year fuel (excludlng he?tlng
benefits) ands~fl~~fmtm affordable desfgn
cost. The designs fnclude natural ventlla-
tfon, forced ventflatfon, and evaporative
coollng concepts. Because econcmlc per-
formance Is primarily governed by the level
of electricity prfces, dollars savings arc
greatest fn regfons that show both good
physical perfotm~nce of the coolln design

7and hfgh electricity prfces. Phys cal and
econardc performance sumnarles ere pre-
sented fn mopped form for 220 solar regfons
wfthfn th~ continental Unfted States.

1. INTRWJIICTIOM

Tho cconcmtcs of pa$s{vc space hratfng has
beam the topfc of many research efforts in
recent years. Dlfferont approaches havt
b?en used to evaluate the prospect for
passive d?sfgns of all types, Hypothetical
subdivisions, existing custom-butlt humes,
prfvate schools, off{cc buildings, and
war~houses are amrm tho types of bu{ldtnga

!that havo been stu led. Thts paper I@avos
th? realm of passive space heatfng and
movds {nto the are~ of p!sstve coolfn , on.
of severhl strateg{el of \bfocl matfc
dswign. Uhfle most drslgncrs understand
the importance of integrating prevailing
climatic conditions Into thr d~sfgn
process, marly lack the tools and resources
to do so. l’r~lfrnfnaryanalys!$ of ●vapora-
tfv~ and radfatfve cooltng effpcttvrm?aa
has been cmnpleted, mlthough of limfted
geographic SCOP* (1),

Thf$ and other work attest to the need for
papa.~dmi rosear~h fn the arrta of p~tsfvo
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cooling. A preliminary physical perform-
ance analysis of three cooling concepts was
completed by the Solar Energy Group (0-11)
at Los Alamos National Laboratory (2L The
results of thfs analySfs, In whfch g
coolfng performance was considered, were
used to assfgn coolfng load dfsplacemant
values to each of 220 solar regfons. These
v~lues were combfned wfth regfon-sp?clflc
electricity pwfces and general economtc
parameters fn an economic analysis of
first-year fuel savfngs and a maximum
affordable desfgn cost (total cost 90al )
for each desfgn. Any beneffts attributable
to heating offsets were excluded. The
economic analysis Is described fn more
detail in Section 2.

The results of the economic analysts were
u$ed for two puposes: 1) to compare ‘~e
economic potential of the three coollng
concepts, and 2) to estfmate the aggregate
savings realIzed by substttutfng for
standard refrigerative atr condftfonfng use
fn new sfngle-famfly homes. Beneffts from
use of smaller unfts--still needed for part
of the coolfng load--wel’e not fncluded,
Th@ aggregate savfngs c~iculation was based
on n?w home start figures &nd estfmated
f{rst-yaar fuel savfngs. H{gh-fmpact
reg{ons wora then fdcntlfled, whrc the
resfdontfal coolfng loads displaced by a

R
as$fvc coolfng de?iignw?re of particularly
fgb ~uonomic value. Conclusions, along

with mapped results, are presented In
section 3.

?, Mf’THOOOLDGY.... ——

The physfcal p~rformonc? results of the
natural v~nttlatfon, forced ventilation,
and rvaporatfve cooltng concepts rto not
rrpre$ent m rkhoustiv~ stud and al-o
prfjlfmlnary in natur~, f~Tho s ngle-famfl
unit undrr collsfderatfonwas a mod?rn 12
squar~.foot honw (50’ by 24’), wfth fts
1ong ahft or~entest east-west and the
shorter ono north-south. ?h? hous~ was
a%%umed to hhvr wall~ nnd roof with R-2(I
fntulat{ono and an offawtfv. fnffltratton



rate of one-half air change per hour. Al1
windows were assumed to be double-glazed
and represent 15% of the wall area. The
resulting heating load of this relatively
‘tight” house was 7200 Btu/o~-day or 36
MMBtu annually for a 5000 degree day loca-
tion. Regional estimates of the cooling
load ranged frcana high of 37 P?4Btu b a
low of 1.9 kWBtu depending upon cllmati
conditions, principally coollng degree days
(see Map 1).

For the physical desfgn of the ventilation
systems, It was assuned that 300 square-
feet of south wall were replaced by a
double-glazed, 9-inch thick water wall.
The total heat capacity of the water wall
was estimated to be 14 MBtu/~F, a
state-of-the-art passive design. The
double-glazing was insul~ted and approxi-
mately one foot away from the water wall
surface. In the natural ventilation
conc~pt, it was assumed that outsfde &lr
would circulate by stack effect up the
channel between the glazing and water well
surfaces. The forced ventilation concept
included a system of fans and ducts to
bring outside air in at e rote of 3000
cfm. In both ventilation designs,
auxiliary cooling was allowed to take over
at a temperature of 780F. Maps 2 and 3
portray displaced cool{ng load for the
natural and forced ventilation concepts.

The physical performance of the evaporative
cooling desfgn was calculated In a two
stage process. The direct stage of
evaporative cooling was assumed to take
place at an outside dry bulb temperature
above 750~ and outs{de wet bulb tempera-
ture below 67°F. The fndirect stage was
assumed to go into effect at a wet bulb
temperature above 670F, at which pofnt
outside afr would be evaporat~vely cooled
to 80% of the difference br?tweenwet and
dry bulb temperature;. lhfs ~fr would
remove heat from room air at 80% ~ffectlve-
ness. There was no coolfng when the
tcmpcraturc drop across the heat exchanger
wat less than 5oF. Forced nlr flow of
3000 cfm was used {n both st~ges. The
estimated rcsidcntlal COU1!ng load
displaced by the cvaporat.lve destgn is
portrayed fnMap 4.

The Solar L’ncrgyGroup used ~soplaths on
the origfnal pcrformJnce maks to show
pattprns of cnolin lnhd flfsplacoment({n
MtQ)tu). !These fsop rth m~ps werv interpre-
ted to provide a prrfo~mance nwtsur~ (alao
in MMlltu)for roch of the 220 rr~ions. By
comparing Maps 2, 3, and 4 {t is clmar that
tk,~ natur~l ventilation drsfgn would hold
l{ttle promfsr for mnjor dfsplacmncnt of
coolfng lends and that forcrd vcr!tilation
and evaporettvc concepts ~how much rnuw
prornlse. The h{ghrst estimates of per-
furmanc~ for the forcod ventilation $esfgn

were found for all southern areas of the
United States and fairly high levels of
cooling load displacement in more than half
of the continental area. The pattern of
forced ventilation performance was roughly
latituc!inal. The levels of cooling load
displacement along the toasts were less
than for fnterior locations of like
latitudes, reflecting diminished cooling
requirements under a marine influence.

The evaporative cooling concept displayed a
much different pattern If physical per-
formance. Areas of high cooling load
displacement were confined to the arid
Southwest, although fairly high performance
was estimated for the {ntennountain and
coastal Uest. Not surprisingly, dramati-
cally reduced performance estimates were
found in more humid regions of the country.

The tWO economfc performance measures
calculated fn thts analysis were first-year
fuel savings and total cost guel. The
calculation of ffrst.year fuel savings was
strafght-forward--simply the product of the
dfsplaced energy (MMBtu’s) and regional
fuel cost ($/MMBtu). It was assumed In
thfs calculation that refr{geratfve alr
conditioning (s?lectric)would be fnstalled
in a new home and used to fully offset
cooling loads if a passtve c~oling design
were not installed. Fuel prices for
electricl’d (in cent~ per klfh) are
displayed In Map 5.

The estfmated total cost goal is defined as
the present value of the stream of dollar
fuel savings one could expect for the lffe
of the dcsfgn (assumed here to be 30
years), The total cost goal is a measure
of the maxfmum dollar value one could

~;;~~{;l” Et ~la;tie;;si~;r ;xa;~;;~i~~
the actual cost wore lZSS than the total
cost goal, tho consumer would b~ better
off, If the actu~l cost were exactly equal
to the total cost goal, the consumer would
be “indfffercnt,” that ts, there would bu
no clear economfc motfve for maktna wch an
investment. Such a case fs cqu{valent to a
net i~rcscntvalue of zero. The total cost
goal is csp,’ctallyus~ful In cha~acterlzing
a systcm for which dcsfgn costs are oot
available. This cconom{c ind{c~tor {s
dcscribrd fn further dctatl clswttcra (3),

A set’ies of general economic parameters
were cicfincd for calculptfng the total cost

!
oal, They are contained in Tabl@ 1. The
ast element of th{z economic analysis

lnvolvcd
savtngs “;~r’mat~\y ‘heth~s’~st-%~de%!
‘cxprcted’ to install atr conditioning
rqufpmcnta Thfs mrasurc wat cktcrmined b
the product 0$ 190? projected region~z
s{nglefamlly honw st~rts, rcgfonal propor-
tions of central air l.ondltfoner usage, and



TABLE 1. ECONOMIC PARAMETER VALUES

Down Payment Rate
Property Tax Rate
Combined Federal, State, and Local Tax Bracket
Annual Operating and Maintenance Rate
Annual Inflation Rate
Interest Rate (real)
Dfscount Rate (real)
Annual Electrlclty Prfce Escalation Rate (real)
System Lffe

the first-year dollar savings associated
wfth each defgn. Each regfonal housing
start ffgure (based on Natfonal Association
of Home Buflders estfmates) was adjusted by
an efr conditioner usage estimate to ellmf-
nate residences not expected to fnstall afr
conditioners.

Passfve solar coollng desl ns are of
greatest potentfal economfc Eecefit when
offsetting use of an installed central
refrigerative afr conditioning Syst.ul.
Regfons wfth greater demand for air condl-
tfonfng would be expected w have greater
demand for passive coolfng desfgns and
realfze greater potential savings. These
adjusted ffrst-year savfngs estfmates
reflect a measure of each regfon’s
potentfal for fue? and dollar savfngs.
Savfngs for all regfons were sunned to
provfde an estfmate of nationwide
ffrst-year fuel and dollar savfngs.

3. RESULTS AND CONCLUSIONS

Several fmportant conclusions arise from
the wsults of our analysfs concerning the
potential for residential passfve cooling
fn the continental Untted States. F{rst-

$
ear fuel sflvfngs,displayed {n Maps 6 and
were far greater for forced vcnttlatfon

and evaporative cool fng than for the
natural ventilation desfgn. The values on
Map 6 (for forced vcntilatfon) are hfghest
In the southern tier of regfons. Reg{ons
tn Florfda, pdrts of Texas, and southern
Arfzona dfsplay cspccfally htgh V!lUW for
ffrst-year savfngs, a ffndfng that reflects
both good dcsfgn performance and fatrl
hf h fuel prtces,

?
[Ha 7 reveals that hlgRdo lar savings for t e evaporative desf n

are conf{ned to th@ arid !Southues ,
reflecting the relatively small area of
reasonable physical performance for this
conwpt. Anong the areas of greatest
potentfal savfngs are southern Ar{zma and
the El Paso, Texas, rcgfons, here
relatively hfgh el@ctrfcfty rfces a,ldgood

\destgn pcrfonmnce make t e evaporative
des~gn more a+,tractfvo.

202
aof Cclst
35%
1% of cost
8%
8%
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30 Years

The t~tal cost goal Maps 8 and 9 bear an
expected, strong resemblance to Maps 6 and
7, for both first-year savfngs and total
cost goal calculations are dominated by two
varfables--physfcal performance and fuel
prfces. The more interesting feature of
these m~ps, however fs not the pattern but
the absolute level of total cost goal
values. In order to pay for Itself over 30
years, our results Indicate that a passfve
solar coolfng desfgn cculd cost no more
than $3100 under the more favorable
conditions.

However, our calculations of savfngs and
total cost goal have been conffned to
coolfng performance onl{ot:nd ‘ould be
somewhat mfslea!fng. evaporative
coolfn

!
and forced venttlatfon have

potent al for residential space heating.
If the heatfng performance were incorpor-
ated, the total ccst

?
oal would be fn

excess of $3100 and m ght, perhaps, be
twfce that emount. With heating and
cooltng performances considered, a water
wall design costfng as much as $20 per
square foot mfght be cost effective. If
the heating performance were substantially
better than t~s;oolfng, the design cost
cOU1 d even substantially without
threatening fts cost effective t?ss.

1
costs

of these magnftude ($20/ft ) compare
favorably wfth current ~ubltshed costs for
a water wall (4).

The last two maps (Maps 10 and 11) show
rrgforlal aggregate ftrst-year savfn s,

!rxplafned esrlier as the first-year dol ar
savfngs of one dcsfgn tnultfplled by the
number of new sfnglc-family hom~ start!
that use crntral refrfgcrat{ve atr condf-
tfoners. The Gulfcoe~t area alon~ wtth
southern Arfzona and desert Cal{fornfa have
the

~
rratrst aggregate savfngs for the

force vrntflatfon dcstgn. These savings
reflect a high population growth, hi~h
coolf~~gloads, and high fuel prices coupled
wfth good physlcnl pcrformnces. South&rn
Arfzona and desert Californfii have th~
hi best aggregate savfngs for the evapor-
!at ve concopt, an effect of the limltod

ai~plfcabilftyof the system.



map< 1. Total cooling load of base case
residence.
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Map. 2. Resfdentfal coolfng load
displaced by natural ventilation.

. . ,4

Map. 4. Resfdentfal coolfng load
displaced by evaporation.

,
map. 5. Electrfcfty prfces by regfon,

Mmp. 3. Resfdentfal cool1ng load” “
dfaplacod by forcod wntflatfon.

“~p. 6. Dollar value of ffrat- tar fuel
{savfngs for forced vent{ ation.



map. 7. Dollar
savings

Map.

—:

value of first-year fuel
for evaporation.

.

10. Aggregate first-year savings for’
forced ventilation.

lap. 11. Aggregate first-year savings for
evaporation,

Hap, 8, orced ventilation total “ ‘cost
goal.

,,

Hap. 9. Evaporation total cost goal,



Aggregate ffrst-year savfngs, sunned over
all regfons, was estimated to be $5S
nillion for forced ventilation and $33
mlllfon for evaporative coolfng. These
figures npresent nationwide fuel savings
;~;d;ne year from displacement of cooling

. However, much greater savings would
be realized ff the best concept were used
for each region. Furthermore, a hfgher
figure would result ff heating fuel savfngs
of these passtve tiesfgnswere incorporated
fnto the calculation. Ilork fn thfs area
will be conplcted fn the near future.
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